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Abstract
AIM: To assess how ascites and alpha-fetoprotein (AFP) added to the Barcelona Clinic Liver Cancer (BCLC) staging predict hepatocellular carcinoma survival.

METHODS: The presence of underlying cirrhosis, ascites and encephalopathy, Child-Turcotte-Pugh (CTP) score, the number of nodules, and the maximum diameter of the largest nodule were determined at diagnosis for 1060 patients with hepatocellular carcinoma at a tertiary referral center for liver disease in Egypt. Demographic information, etiology of liver disease, and biochemical data (including serum bilirubin, albumin, international normalized ratio, alanine and aspartate aminotransferases, and AFP) were evaluated. Staging of the tumor was determined at the time of diagnosis using the BCLC staging system; 496 patients were stage A and 564 patients were stage B. Patients with mild ascites on initial ultrasound, computed tomography, or clinical examination, and who had a CTP score ≤ 9 were included in this analysis. All patients received therapy according to the recommended treatment based on the BCLC stage, and were monitored from the time of diagnosis to the date of death or date of data collection. The effect of the presence of ascites and AFP level on survival was analyzed.
RESULTS: At the time the data were censored, 123/496 (24.8%) and 218/564 (38.6%) patients with BCLC stages A and B, respectively, had died. Overall mean survival of the BCLC A and B patients during a three-year follow-up period was 31 mo [95% confidence interval (95%CI): 29.7-32.3] and 22.7 mo (95%CI: 20.7-24.8), respectively. The presence of ascites, multiple focal lesions, large tumor size, AFP level and CTP score were independent predictors of survival for the included patients on multivariate analysis (P < 0.001). Among stage A patients, 18% had ascites, 33% had AFP ≥ 200 ng/mL, and 8% had both. Their median survival in the presence of ascites was shorter if AFP was ≥ 200 ng/mL (19 mo vs 24 mo), and in the absence of ascites, patients with AFP ≥ 200 ng/mL had a shorter survival (28 mo vs 39 mo). For stage B patients, survival for the corresponding groups was 12, 18, 19 and 22 mo. The one-, two-, and three-year survival rates for stage A patients without ascites and AFP < 200 ng/mL were 94%, 77%, and 71%, respectively, and for patients with ascites and AFP ≥ 200 ng/mL were 83%, 24%, and 22%, respectively (P < 0.001). Adding ascites and AFP ≥ 200 ng/mL improved the discriminatory ability for predicting prognosis (area under the curve, 0.618 vs 0.579 for BCLC, P < 0.001). 

CONCLUSION: Adding AFP and ascites to the BCLC staging classification can improve prognosis prediction for early and intermediate stages of hepatocellular carcinoma.
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Core tip: Although the Barcelona Clinic Liver Cancer (BCLC) system contains Child-Turcotte-Pugh classification as a main variable, a patient within BCLC stage A or B may have ascites, which can interfere with the recommended treatment. An elevated alpha-fetoprotein level, which is an integral part of other staging systems, may also impact prognosis and influence treatment decision. In this study, we evaluated the utility of adding ascites and the alpha-fetoprotein level to the BCLC system for predicting prognosis and survival in a large cohort of early and intermediate hepatocellular carcinoma patients at a tertiary referral center for liver disease in Egypt.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the second leading cause of cancer-related death worldwide, and its incidence is increasing[1]. Patient prognosis is determined by tumor characteristics of HCC and by the presence of chronic liver disease and cirrhosis, which impact treatment modality and patient survival[2,3]. Moreover, tumor staging at the time of diagnosis is essential for selecting the most appropriate therapy and to predict survival[3].

The Barcelona Clinic Liver Cancer (BCLC) system is the most widely adopted method for staging HCC[4], has been validated in clinical and therapeutic studies[5-8], and is recommended in the practice guidelines of the European Association for the Study of the Liver (EASL)[9] and the American Association for the Study of Liver Diseases (AASLD)[10]. However, patients with early (BCLC stage A) and intermediate (BCLC stage B) HCC have varying disease severity, provided that there is no vascular invasion, extrahepatic spread, or compromised performance status. Stage A or B patients can have a Child-Turcotte-Pugh (CTP) score of 5 (class A)[11], or can have ascites or encephalopathy and a CTP score of 9 (class B). A meta-analysis of 30 randomized controlled trials of palliative treatment in HCC found that ascites was highly correlated with poor outcome in intermediate and advanced BCLC stages[12]. One-year and two-year survival rates in these patients varied widely among studies included in the meta-analysis, ranging from 0% to 75% and 0% to 50%, respectively. 

Elevated alpha-fetoprotein (AFP) level, which is an integral part of several staging systems[5-8], may also impact prognosis and influence treatment decision. A high AFP level predicts recurrence after resection and poor outcome after liver transplantation, even for patients fulfilling the Milan criteria[13]. In a previous report, we found that the BCLC staging system provided the best prognostic stratification, and showed that the presence of ascites and AFP above 200 ng/mL (occasionally encountered in stage A and B patients) were independent predictors of survival[14]. Other identified independent predictors of survival (portal vein invasion and extra-hepatic spread) are used to assign patients to advanced (stage C) and terminal (stage D) stages, where the Cancer of the Liver Italian Program (CLIP) score was found to have the highest stratification ability. The present study evaluated the impact of elevated AFP level and presence of ascites independently on predicting the prognosis of patients with BCLC stages A and B HCC.
MATERIALS AND METHODS
Study design

This prospective study was conducted between January 2010 and December 2013 and included stages A and B HCC patients at the National Liver Institute, a tertiary referral center for liver disease in Egypt. The study conformed to the ethical guidelines of the Declaration of Helsinki (1964, as revised in 2004), and was approved by the Institutional Review Board (IRB00003413). Written informed consent was obtained from each patient. The diagnosis of HCC was mainly non-histologic, according to the AASLD criteria of 2005[15].

Patients and data collection

All patients diagnosed with BCLC stages A and B in our center were invited to participate in this observational study. Of the 2250 eligible patients, 1060 consented to participate, and were the subjects of this analysis (these patients’ data were part of a previous publication comparing different staging systems in HCC patients[14]). For all patients, demographic information, etiology of liver disease, and biochemical data [including serum bilirubin, albumin, international normalized ratio (INR), alanine and aspartate aminotransferases, and AFP] were evaluated. Presence of underlying cirrhosis, ascites and encephalopathy, CTP score, the number of nodules, and the maximum diameter of the largest nodule were recorded. 

The presence of ascites was assessed at the initial evaluation. Patients who had clinically detectable, large-volume ascites were considered to have advanced liver disease (CTP class C), and were excluded from analysis. Patients with newly diagnosed, mild ascites on initial ultrasound, computed tomography (CT) or clinical examination, or those who were already being treated for ascites who had a CTP score ≤ 9 were included in this analysis. A committee determined the therapy for patients based on the BCLC recommendation, and patients were monitored from the time of diagnosis to the date of death or date of data collection at the end of the study period. 

Outcome assessment

Overall survival was the single end point used to assess the performance of the staging system. The length of survival was calculated from the date of HCC diagnosis to the date of death or, in the case of survivors, the date of the last follow-up visit. Patients who were alive at the end of the study or lost to follow-up were censored.

Statistical analysis

Statistical analyses were performed using SPSS 17.0 software (SPSS Inc., Chicago, IL, United States). The Kaplan-Meier method was used to compare overall survival with respect to patient age, sex, presence of ascites, albumin level, total bilirubin, prothrombin time, CTP class, serum AFP level, AFP above or below 200 ng/mL, greatest tumor dimension > 5 cm, and presence of more than one focal lesion. A univariate analysis was performed to identify predictors of survival at the time of HCC diagnosis by the log-rank test[16]. The overall predictive power of the staging system for survival was evaluated by the linear trend 2 test using a Cox regression model[17]. The accuracy of prediction of death at one, two and three years was evaluated by calculating the area under the receiver operating characteristic curve (AUROC) for each score, which is equivalent to the concordance statistic[18]. To perform this test, patients censored before one, two and three years were excluded from the analysis. Continuous data are expressed as the mean ± standard deviation. P < 0.05 was considered statistically significant. The statistical methods of this study were reviewed by Sameera Ezzat, M.D., Associate Professor of Epidemiology, National Liver Institute.

RESULTS
The study included a total of 1060 patients, with 866 men and 194 women with a mean age of 56 ± 8.4 years. The baseline patient characteristics and CTP classification are shown in Table 1. In both groups, > 90% of patients had cirrhosis. All patients received an intervention according to the BCLC stage and recommended therapies[4]. Trans-arterial chemoembolization (TACE) was recommended for all stage B patients, and 34/496 (6.9%) stage A patients received TACE because their lesion was considered difficult for local ablation under ultrasound guidance or was > 5 cm and not suitable for resection. Only 7/496 (1.4%) stage A patients received a living donor liver transplant. The presence of ascites did not influence referral or administration of recommended treatment, and patients with AFP levels ≥ 1000 ng/mL were not considered for liver transplantation or resection.

Overall survival

At the time the data were censored during an average follow-up of 18 mo, 123/496 (24.8%) and 218/564 (38.6%) patients had died in BCLC stage A and B groups, respectively. Overall survival according to BCLC stage, AFP level, and presence of ascites is presented in Table 2. The overall median survival after a three-year follow-up period was 37 mo [95% confidence interval (95%CI): 35-40 mo] for stage A patients and 19 mo (95%CI: 18-20 mo) for stage B patients. 

Univariate and multivariate analyses

Univariate analysis showed that presence of ascites, ≥ 2 neoplastic nodules, maximum tumor diameter > 5 cm, AFP ≥ 200 ng/mL, and CTP class B were all significantly associated with poor survival (P < 0.001 for all) (Table 3). Multivariate analysis showed that the presence of ascites, multiple focal lesions, large tumor size, AFP level and CTP score were independent predictors of survival for the included patients (P < 0.001) (Table 4).
Figure 1 illustrates the survival curves of HCC patients stratified according to the BCLC classification. The BCLC system had a 2 of 87.3 using multivariate analysis, and the AUROC for BCLC stages A and B was 0.579 (95%CI: 0.543-0.616).

For patients with an AFP level ≥ 200 ng/mL, AFP was inversely correlated with survival (r = -0.142; P < 0.001) (Figure 2). The risk of death increased with a hazard ratio of 1.6 (95%CI: 1.11-2.32) and 1.3 (95%CI: 1.01-1.74) for BCLC A and B patients, respectively, compared to those with AFP < 200 ng/mL. For BCLC A and B patients with ascites, the risk of death increased with a hazard ratio of 1.7 (95%CI: 1.16-2.66) and 1.44 (95%CI: 1.03-2.04), respectively.
Among stage A patients, the 280 patients without ascites and with an AFP level < 200 ng/mL had a median survival of 39 mo. The 41 patients with ascites and AFP ≥ 200 ng/mL had a median survival of 19 mo. The 125 patients without ascites and with AFP ≥ 200 ng/mL had a median survival of 28 mo, and the 50 patients with ascites and AFP < 200 ng/mL had a median survival of 24 mo. The survival curves for the last two subgroups were nearly identical, and the median survival estimates were very close. The one-, two-, and three-year rates of survival for BCLC stage A patients without ascites and AFP < 200 ng/mL were 94%, 77% and 71%, and for patients with ascites and AFP ≥ 200 ng/mL were 83%, 24%, and 23%, respectively (P < 0.001).

The median survival for stage B patients with either AFP ≥ 200 ng/mL, or ascites, or both, was 19, 18, and 12 mo, respectively, compared to 22 mo in the absence of both ascites and AFP ≥ 200 ng/mL. The one-, two-, and three-year rates of survival for stage B patients without ascites and AFP < 200 ng/mL were 79%, 43% and 24%, respectively, and for those with both ascites and AFP ≥ 200 ng/mL were 46%, 15% and 7%, respectively. 

Patient survival according to a modified BCLC staging system, inclusive of ascites and AFP factors, is presented in Figure 3 and Table 5. When entered into a Cox regression model, ascites and AFP added to the BCLC showed better performance in predicting overall survival compared to the BCLC, with higher homogeneity (2, 130 vs 87), and a greater AUROC (0.618, 95%CI: 0.583-0.654 vs 0.579, 95%CI: 0.543-0.616).

DISCUSSION
The lack of consensus concerning staging systems[19-23], and the recommendation of the EASL-EORTC (European Organisation for Research and Treatment of Cancer) for clinical or biomarker refinement of the BCLC staging system[9], necessitates improvements in classifying HCC patients to achieve better prognostic utility. Some modifications to various prognostic scores have been made, which appeared to improve prognostic stratification of the Tumor-Node-Metastasis (TNM), Japan Integrated Stage (JIS), and CLIP scores[24-26]. A simplified BCLC staging system with the inclusion of AFP was found to be more useful for stratifying 232 early HCC patients and allocating them for hepatic resection[27].

Although the presence of ascites or elevated AFP in this study did not prevent or delay referral for therapeutic interventions, the survival was affected. Only a small number of patients in this study received liver transplants, as liver transplants are only performed from living donors in Egypt, and are only partially reimbursed. Only patients younger than 60 years of age, with HCC within the Milan criteria, AFP < 1000 ng/mL, and who had a willing related donor were referred to the transplant unit for evaluation, where the donor acceptance rate is very low.

Uncontrolled or refractory ascites modifies the Child-Pugh score, and advances BCLC staging to stage D[4,11]. However, the presence of mild or minimal ascites detected clinically or radiologically changes the CTP score by only one point, and may not change the BCLC stage. Although the grading of ascites is subjective, large-volume ascites can be easily demarcated based on clinical judgment, and these patients were assigned to CTP class C and not included in these analyses. Thus, only patients who were within Child-Pugh A or B and BCLC stages A and B were investigated in this study. The results show that the presence of even minimal ascites was significantly associated with a shorter survival compared to patients with the same BCLC stage without ascites, which is consistent with previous reports[28,29].

Disadvantages of the BCLC system are that there is substantial variation in prognosis among patients within the same stage, and that it encompasses a very heterogeneous population in the intermediate stage B[30-32]. Stage B includes patients with a tumor burden that varies from four small tumors to near complete replacement of the liver. Thus, this group of patients is treated by a variety of methods, such as TACE, radioembolization, and surgical resection[33]. Recently, a sub-staging of stage B patients (from B1 to B4) has been proposed, which incorporates the tumor burden (the “up-to-seven” criteria developed for liver transplantation) and Child-Pugh score (A5 to B9)[34]. Using this strategy, the median survival was poor for patients with a higher B sub-stage with 34, 24, 15, and 12 mo for sub-stages B1, B2, B3, and B4, respectively[35].

The correlation between serum AFP and the severity of HCC has been investigated in several studies[5,28,29,36]. Our earlier study showed that an AFP ≥ 200 ng/mL was associated with shorter survival across all BCLC stages[14]. The elevated AFP level may be an indication of vascular invasion and HCC progression, and can help identify subsets of HCC patients with an increased risk for early recurrence and poor prognosis after hepatectomy[36] or transplant[37,38]. The AFP level can also be used to predict the antitumor response to radiofrequency ablation[39] and sorafenib therapy[40]. The results of the present study show that patients with early (stage A) or intermediate (stage B) HCC and AFP ≥ 200 ng/mL have shorter survival. Further analyses indicate that the addition of ascites as a factor provided better stratification of survival across different stages.

Patients with HCC and ascites have a high risk of death due to the high rate of ascites-related complications, such as spontaneous bacterial peritonitis, hyponatremia and hepatorenal syndrome. Although ascites is a parameter of the Child-Pugh classification of liver disease and is part of the BCLC staging system, patients with earlier stage HCC can have ascites. This study shows that including both the presence of ascites and AFP to the BCLC staging system increases its prediction of survival and prognostic determination ability. In addition, this modification may facilitate treatment decisions. A patient with early stage HCC with both ascites and high AFP has an expected survival similar to an intermediate stage HCC patient with either ascites or high AFP. This knowledge could help modify the management of these patients and aid in the selection of the best possible treatment. Furthermore, this addition to the BCLC staging system may aid in the proper stratification of HCC patients in controlled trials, particularly for patients with early and intermediate HCC.

Limitations of this study

Although the study included a large number of patients prospectively, no patients were in the very early stage of HCC, a result of the absence of a national screening program for early detection of HCC in patients with cirrhosis. The low accessibility to liver transplantation and the high cost of sorafenib, which is currently recommended in combination with TACE, may explain the low survival in this cohort. Furthermore, this study was conducted from patients within a single center. Although our hospital is a tertiary referral center, a referral bias cannot be ruled out.
In conclusion, our results confirm that the prognostic determination ability of the BCLC staging classification for early and intermediate HCC needs improvement, and that AFP and ascites further distinguish patients into subclasses with significantly different prognoses, who might need different classification and management. The large cohort of > 1000 patients and the rigorous follow-up validate the results, which can be generalized to patients with HCC elsewhere. Nevertheless, external validation is needed.
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FIGURE LEGENDS

Figure 1  Kaplan-Meier survival curves for the Barcelona Clinic Liver Cancer staging system for the whole cohort. There is a significant difference in survival between Barcelona Clinic Liver Cancer stages A and B patients. BCLC: Barcelona Clinic Liver Cancer stage.
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Figure 2  Scatter plot graph for survival and alpha-fetoprotein ≥ 200 ng/mL in the whole cohort. Alpha-fetoprotein level was inversely correlated with patients’ survival. AFP: Alpha-fetoprotein.
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Figure 3  Kaplan-Meier survival curves for modified Barcelona Clinic Liver Cancer for the whole cohort. There is a significant difference in survival between the three subgroups of either Barcelona Clinic Liver Cancer stage A or B patients. AFP: alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer stage.
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Table 1  Characteristics of the study population  n (%)


�
BCLC A�
BCLC B�
�
Number�
n = 496�
n = 564�
�
Age (yr), mean ± SD�
56.2 ± 8.3�
56.6 ± 8.7�
�
Male�
   414 (83.5)�
 452 (80.3)�
�
Cirrhosis�
   448 (90.5)�
 510 (90.4)�
�
Ascites�
     91 (18.3)�
 151 (26.8)�
�
Etiology of liver disease�
�
�
�
   HCV�
986 (93)�
 973 (91.8)�
�
   HBV�
43 (4)�
 52 (4.9)�
�
   Non-HCV, non-HBV�
31 (3)�
 35 (3.3)�
�
AFP (ng/mL), mean (range)�
365 (20-12, 660)�
890 (20-26, 400)�
�
AFP ≥ 200 (ng/mL)�
   166 (33.5)�
 242 (42.9)�
�
Number of tumor nodule�
�
�
�
   One�
   404 (81.5)�
0�
�
   Two�
     53 (10.7)�
 204 (36.2)�
�
   Three�
   39 (7.9)�
 187 (33.1)�
�
   More than three�
0�
 173 (30.7)�
�
Size of nodule, mean ± SD�
  3.9 ± 1.8�
  7.4 ± 2.7�
�
Child-Pugh�
�
�
�
   A�
268 (54)�
 261 (46.3)�
�
   B�
228 (46)�
 303 (53.7)�
�
Treatment modality�
�
�
�
   Resection�
   113 (22.8)�
0�
�
   Transplantation�
     7 (1.4)�
0�
�
   PEI�
     62 (12.5)�
0�
�
   RFA�
   262 (52.8)�
0�
�
   Microwave ablation�
   18 (3.6)�
0�
�
   TACE�
   34 (6.9)�
564 (100)�
�
Biochemical data, mean ± SD�
�
�
�
   Serum total bilirubin (mg/dL)�
  1.5 ± 1.3�
  1.5 ± 1.1�
�
   Serum albumin (g/dL)�
  3.3 ± 0.6�
  3.3 ± 0.6�
�
   International normalized ratio�
  1.2 ± 0.4�
  1.2 ± 0.5�
�
ALT (IU/mL)�
  63 ± 45�
  62 ± 58�
�
AST (IU/mL)�
  82 ± 61�
  83 ± 80�
�
Data are frequency counts (percentage of total) or mean ± SD. AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BCLC: Barcelona Clinic Liver Cancer; RFA: Radiofrequency ablation; PEI: Percutaneous ethanol injection; TACE: Trans-arterial chemoembolization.





Table 2  Patients’ survival according to Barcelona Clinic Liver Cancer, alpha-fetoprotein level and ascites 


�
1-yr survival�
2-yr survival�
3-yr survival�
Median survival (mo)�
P value�
�
BCLC�
A (n = 496)�
90%�
69%�
56%�
37�
< 0.001�
�
�
B (n = 564)�
69%�
33%�
18%�
19�
�
�
AFP�
< 200 ng/mL (n = 652)�
85%�
59%�
50%�
33�
< 0.001�
�
�
≥ 200 ng/mL (n = 408)�
71%�
41%�
22%�
21�
�
�
Ascites�
Absent (n = 818)�
83%�
58%�
44%�
31�
< 0.001�
�
�
Present (n = 242)�
69%�
29%�
23%�
19�
�
�
P < 0.05 is considered significant. AFP: Alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer.





Table 3  Univariate analysis of baseline predictors of survival for each stage


Variable�
BCLC A�
BCLC B�
�
�
Number of patients�
Median survival (mo)�
P value�
Number of patients�
Median survival (mo)�
P value�
�
Age�
< 56�
250�
39�
0.590�
259�
19�
0.230�
�
�
≥ 56�
246�
37�
�
305�
18�
�
�
Sex�
Male�
414�
37�
0.550�
452�
18�
0.080�
�
�
Female�
  82�
39�
�
112�
23�
�
�
Ascites�
Absent�
405�
37�
< 0.001�
413�
2014�
< 0.001�
�
�
Present�
  91�
22�
�
151�
�
�
�
Number of tumor nodules�
One�
404�
37�
0.003�
    0�
-�
-�
�
�
> 1�
  92�
28�
�
564�
18�
�
�
Maximum tumor diameter�
≤ 5 cm�
454�
37�
0.700�
119�
25�
< 0.001�
�
�
> 5 cm�
  42�
34�
�
445�
18�
�
�
AFP (ng/mL)�
< 200 �
330�
37�
< 0.001�
322�
20�
< 0.001�
�
�
≥ 200�
166�
28�
�
242�
17�
�
�
CTP class�
A�
268�
39�
< 0.001�
261�
24�
< 0.001�
�
�
B�
228�
24�
�
303�
15�
�
�
P-value < 0.05 is considered significant. AFP: Alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer; CTP: Child-Turcott-Pugh score.





Table 4  Multivariate analysis of baseline predictors of survival for each stage


Variable�
BCLC A�
BCLC B�
�
�
HR (95%CI)�
P value�
HR (95%CI)�
P value�
�
Number of tumor nodules > 1�
1.82 (1.21-2.75)�
0.004�
-�
-�
�
Maximum tumor diameter > 5 cm�
1.02 (0.49-2.13)�
0.942�
2.95 (1.87-4.6)�
< 0.001�
�
Elevated Child score�
  3.2 (2.12-4.87)�
< 0.001�
  1.75 (1.27-2.42)�
0.001�
�
AFP ≥ 200 ng/mL�
  1.6 (1.11-2.32)�
0.012�
    1.3 (1.01-1.74)�
0.040�
�
Presence of ascites�
  1.7 (1.16-2.66)�
0.007�
  1.44 (1.03-2.04)�
0.030�
�
P-value < 0.05 is considered significant AFP: Alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer; HR: Hazard ratio; CI: Confidence interval. 





Table 5  Patients’ survival according to modified Barcelona Clinic Liver Cancer staging system


�
1-yr survival�
2-yr survival�
3-yr survival�
Median survival (mo)�
P value�
�
BCLC A�
No ascites, AFP < 200 ng/mL (n = 280)�
93%�
77%�
70%�
39�
< 0.001�
�
�
Ascites or AFP ≥ 200 ng/mL (n = 175)�
84%�
59%�
36%�
30�
�
�
�
Ascites, AFP ≥ 200 ng/mL (n = 41)�
83%�
23%�
23%�
19�
�
�
BCLC B�
No ascites, AFP < 200 ng/mL (n = 237)�
77%�
40%�
21%�
22�
�
�
�
Ascites or AFP ≥ 200 ng/mL (n = 261)�
67%�
27%�
15%�
18�
�
�
�
Ascites, AFP ≥ 200 ng/mL (n = 66)�
46%�
15%�
  7%�
12�
�
�
P-value < 0.05 is considered significant. AFP: Alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer.
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